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WKLLBORE CASING 
Cross Reference To Belated Applications 

This application claims the benefit of the films of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is inc or p or ated herein by reference. 
Background of the Invention 
This invention relates generally to weUbore casings, and in particular to 
weUbore casings that are formed using eapandaMe faii™^ 

Conventionally, when a weUbore is created, a number of casings are 
5 installed in the borehole to prevent coDapee of the borehole wall and to prevent 
tmdeaired outflow of drills 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed In a lower borehole interval is bwerrfthitnigh a previously 
installed casing of an upper horehole interval As a consequence of this procedure 

10 the casing ofthe lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Qmmb ammli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casings from the borehole 
wall. As a consequence of this nested arrangement a relatively large borehole 

16 diameter is required at the upper part of the weUbore. Such a large borehole 
diameter involves increased eoats doe Wyy handling Tilpmftnt, large 
drill bits and increased volumes of drilling fluid and drill cuttings Moreover, 
increased drilling rig time is involved due to required *»™«nt pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 

20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weUbore. 

25 finwramry pf the Inv yntfo n 

According to one aspect ofthe present invention, a method of forming a 
weUbore casing is provided that imdudea installing o tubular liner and a mandrel 



in the borehole, injecting fluidic material into the borehole, and radially nxpanri mg 
the Wr in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a welibore casing is provided that includes drilling out a new section of the 
6 borehole adjacent to the already 

tl^ placed into tl^ new tection of the borehole with the tubular liner overlapping 
an already existing caaing. A hardenahle fluidic sealing material is injected into 
an annular region between the tabular Ener and the new section of the borehole . 
The annular region between the tubular hner and the new section of the borehole 
10 is then fluidicly isolated Hum an interior region of the tubular hner below the 
mandreL A non hardenahle fhridic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular finer is supported by overlap with the already 
15 existing caaing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing caaing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
exp an din g a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL shoe is ampted 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a s econ d fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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inandrd is coupled to the support memb^ The 
tubular membff is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and in chides a fourth Quid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present inwnHon, a method of joining 
a second tubular member to a first tabular member 4 the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, to provided that 
ID of the second tubular member. A portion of an interior region of the second 
tubular member la pressurized and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular memhgr haying m * ™* ™mr "^Tig wmmK^ry 
15 at an end portion of the annular member, and one or more pressure rdief passages 
at an end portion of the fl nT ni1ar member. 

According to another aspect of the present invention, » weDbore casing is 
provided that i nc ludes a tubular liner and an annular body of a cured fhiidic 
sealing material. The tubular Hner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tunback liner for 
lining an existmg weDbore casixigk 

annular body of cured fhiidic seeing material. The tubular liner is formed by the 
process of extruding the tubular hner off of a mandreL The annular body of a 

25 cured fluidk sealing material in coupled to th* faih ii1jt r ftnT 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a ghoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. Tie interior portion of the mandrel iadrQlable. 
The tubular member is coupled to the mandreL The shoe is coupled to the tabular 
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member. The shoe includes a third fluid ptmge opcr&bly coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. 1 is afragmentary cross-sectional 

section of a wall borehole. 

FIG 2 iff ? ftTC TglCTrtfg »y CTft«*>«fletkinal view Dhistrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG, {Mutt frgp"*"**^ gfoaMeetjonal view BhiatraUng the injection of a 
fint quantity of ft hn^p*M* fhiidic wealing material into the new section of the 
well borehole. 

FIG. 3a jjg anoth^ ^gm^tftry rmgwwftftinnal view illustrating the infection 
of a first qnantity of ahardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-eectional view illustrating the drilling out of 
20 a portion of the cured hardenab le fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG , 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
80 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



FIG. 10a is a cross-sectional illustration of a welibare wirii^ g B 0 f 
s c fcj a oon t overlapping casxngEL 

FIG. 10b is a aras-aectional Illustration of an apparatus and method for 
creating a tie-back Im^r gang «b expendible faih ^ ii^ member . 
5 FIG. 10c ia a croaa»aectiontl iBngtortian of the pumping of a fluidic sealing 
material into the annular region between the tubular number and the existing 
casing 

HG lOd ia a awMectional iDo^ 
of the tubular member below the mandrel 
10 FIG 10a ia a cross-sectional illustration of the extrusion of the tubular 
member offof the mandrel 

FIGlOfisacroes-aectia^ 
out the shoe and packer, 

FIG. lOg is a mas-sectional illustration of the completed tie-back Hner 
15 created using an expandible tubular member. 

HG. 11a is a fragmentary cro^^ 
new section of a well borehole, 

FIG, lib is a fragmentary crown nnction w) view iThigtrating *h« pi^wnmit of 
an embodiment of an apparatus &r hangingatubularliner within thenar 
20 ofthe well borehole. 

FIG. 11c ia a fragmentary croea-eectkmal viewilluatratingtheiiQeclionof 
afirat quantity ofahaniaaable fluids 
well borehole. 

FIG lid ia a fragmentary cnxa&HsectkmalvigwiBuatratingt^ introduction 
26 of a wiper dart into the new section of the well borehole. 

FIG lie is a fragmentary er om s e c tiona l view-flhistratmg the inje^ of 
Baec oud quantity of a hardenable fluidic sealing material into the new section of 
the well borehole* 

FIG llf is a fragmentary cross sectional view fflnatratmg the completion 
30 of the tubular liner. 
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Detailed Description of the moetrative Embodiment* 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tabular member off of die mandrel by pressurizing an interior portion of the 
tabular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an overlappingjcdDi that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported try an existing tubular member by wrpimritng the new 
tubular member into engagement with the yrfyfciwg tubular member. The 
apparatus and method farther minimizes the reduction in the hole size of the 
weUbore <^™g necessitated by the addition of new rations of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member ofTofa mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weHb ore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an «»«*fr*g fnhniT member by expanding the new tubular 
member into engagement with the existing tubular member. 

An a pparatus and method for expanding a tubular member is also provided 
that includes an ex p a nd able tubular member, mandrel and a shoe. In a preferred 
25 e mbodiment , the interior portions of the apparatus is composed of materials that 
permit the interkjrportions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. Tlie apparatus and method penmt a tubuto 

attached to an existing section of casing. The apparatus snd method further have 
application to the joining of tubular members in generaL 



•••» 

Referring in Hi ally to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described As flhislzatedm Fig. 1, a wellbore 100 is jxwitk^ in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer Layer of cement 120. 

In order to extend the wellborn 100 mta the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form anew section 130. 

As illustrated in Fig. 2, an apparatus 200 lor lonnmgawsliboreeasingin 
10 a subterranean formation is th^ 

100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210. a ahoe 215, a lower cup seal 220. an miper cop seal 225, a 
thorn passage 230, afiuMpasssge235,afhu^ 
member 250. 

15 The expand ab le mandrel 205 is coupled to and supported by the support 
memb er 250. The expandable mandrel 205 is preferably adapted to controllabh/ 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional eommmaally available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 rnnhodimmt, thenrpaTifinble msnrh^ 206compriaM ■ hydnmHr mrjmr,^ nn 
disclosed in US. Patent No. 6,348,095, the contents of which are incorporated 
herein by reference, modified fat accordance with the «— ^fog- of the present 
disclosure. 

The tubular member 210 ia supported by the expand^ The 
25 tubular member 2 10 ia expanded in the »adial direction and extruded oCF of the 
expandable mandrel 205. The tabular member 210 may be imbricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tiibular Goods (OCTQ), 18 <±romium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
SO fabricated from OCTG in order to nunomixe strength after expanaiom The hmer 
and outer diameters of the tubular member 210 may range, for example, from 
appnu±naiely0.75to47 inches In a preferred 
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embodiment, the timer and outer diameters ofthe tubular member 2 10 range from 
about 3 to 15.5 inches and 33 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 

is slotted, perforated, or otherwise modifiedtocatch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe oraguideshoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guid e shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 a cco r dance ***** the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cgmftnting and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluldic communication with the fluid passage 240. In this 
manner, the shoe 2 15 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball seaHngmember. In this manner, the fluid passage 240 
can be optimally sealed offty introducing* plug, dart and/or ball sealing elements 
into the fluid passage 280. 



The lower cup seel 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foidgnimitariflls Centering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cop seals such as, tor example, TP cops, or Selective Injection Packer 
(SIP ) caps modifiad in accordance with the teachings of the present disclosure In 
a preferred embodiment, the lower cup seal 220 compriaas a SIP cop seal, available 
from Halliburton Energy Services in Dallas, TXm order to optimally block foreign 
material and contain a body of lubricant 

10 Tbe upper am aesl 226 Is coupled to and supported^ 

250. Hie upper cup seal 225 prevents foreign materials from entering the interior 
regfon of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional coinmerciafly available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 

15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup,avaaabfefrumHalHbuito^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable rrnrirH 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
raandrel205. The fluid passage 230 is pre&rahr/ positioned along a centerline of 
the apparatus 200. 

25 Tb*Q^ passage 230 is preferabh/a^ 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and preasurei ranging from about 0 to 3,000 gaflons/minute and 0 to 9,000 
paim order to minimize drag on the tubular memlierb^^ w ^fr> m ;nirT,;^ 
surge pressures erorted on the wellbore 

30 and lead to hole collapse. 

The fluid passage 235 permits fhiidirmitteriais to be released from tb^ fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the weUbore 100, fluidic materials 255 forced up the fluid 
pass*^ 230 am be released m to the 

ttafrrfo TniTiimiTing nirgft pressures on the wellbore section 130, The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidity coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and dosing the fluid passage235. In a preferred embodiment, the control 
vahe is pree8uze activated in order to The 
flnH po^g* MB igpfgferablvpositioned Bubstantialbrorthoganal to the centeriina 
10 ofthe apparatus 200, 

Tl* fluid peasa^ 235 is prefer^ 
flow rates and pressures ranging from about 0 to 3,000 ga l loni Vminu ta and 0 to 
9,000 pel in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 206. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed mfta 
to thereby blockfluther passage of fluidic materials. In this maimer, the interior 
region of the tubular member 210 below the expan d a ble mandrel 205 can be 
fluidicly isolated from the regto^ Thispermits 
25 the interior region of the talwlar number 210 bel^ 

to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute 

region between the tubular meinto 

100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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inchidfts an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introdiicn^ 
and/or ball sealing dements into the fluid passage 230 . 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 245 are farther posi 
of the end portion 260 of the tubular member 210. H>e seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tabular member 210 to The seals 245 may comprise 

any number of conventional cornroerdalry available seals such as, for example, 
10 lead\ rubber, Tefi^ or epo^ 

the present diacloroe. In a preferred embodiment, the seals 246 ire 

Stratalockepoxy available!^ 

to optimally provide a load bearii^ 

tubular member 210 and the end 270 of the existing casing 115, 

15 In a preferred embodiment, the seals 245 are selectod to optimally provide 

a sufficient frictional force to support the expanded tubular member 210 tern the 
existing casing 115. In a preferred embodiment, the nictkraal force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support member 250 is coupled to tl» expandable mandrel ?05, tubular 
member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weDbore 100. In a preferred 
embodiment , the support member 250 further includes one or more conventional 

25 centralizera (not ilhiatrated) to help stabuixe the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 2 75 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubular membe r 21 D off 
ofthe expandable mandrel 205 is fccfln^^ The lubricant 275 may comprise any 

30 number of conventional commercially available lubricants anch fnr examp le, 
UOiriplati^cluorine based lu^ 

(3100). In a preferred embodiment, the Mjricant 275 comprises Climax 1500 
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Anttaexe (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to r— »™hly the mnaiiiing portions of the apparatus 200. In this manner, 

the introdttctian of foreign material into the apparatus 200 fa minimised. This 

minimises tha possibility of foreign material clogging the variousflow passages and 

valves of the apparatus 200. 

In a preferred embodiment, before or after po sitioning the apparatus 200 
10 within the new section 130 of the weilbore 100, a couple of weHbore volumes are 

circulated in order to ensure that no foreign materials are located within the 

weilbore 100 that might clog up the various flow passages and valves of the 

■ppgrstns200 and to ensure that no foreign inaterialm^ 

process. 

15 As Illustrated in Fig, 3, the fluid passage 236 la then dosed an^a harimah k 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the Quid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid paseage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
815 betwe« the exterior of the 

new section 130 of the weilbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for eiwnnle, from abc^ 

1,500 gaBons/min, r espec tiv ely. The optimum flow rate and operating pressures 
vary as a function of the casing and weilbore sizes, weilbore section length, 
available pumping equipment, imd ftatt 
p umped The optimum ftownrteaM 

30 using 

conventional empirical methods. 
Thehardenabkftadmcse 
conventional commercially available hardenable fluidic BeaHng materials such, as, 
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for example, slag- mix, cement or epoxy. In a preferred embodiment, the 
hardtnable fhndic Dealing material 805 comprises a blended cement prepared 
HpedficaDy for the particular weH Halliburton Energy 

Services in Dallas, TXin order to provide optim^sxipport for tubular member 2 10 

5 white also mamtainingoptammn flow characteristics so as to minimize difficulties 
during the displacement of cement in the smnlar region 315. The optimum Mend 
of the blended cement la preferably determined using conventional empirical 
met h od s 

The annular region 316 preferably is filled with the material 805 in 
10 sufficient quantities to ***** th^t, npqn radial —r*r***m »f*K» ♦n>^ rr tti^k^ 
210, the annular regkm 815 of the newee^ 
with material 805. 

In aperttoJariy preferred wnhodiment, as ilfastrated in Fig. 3a, the wall 
t h i c kness and/or the outer diameter of the tubular member 210 ia reduced in the 

15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in poaitioiifl in the wcllbnrft with tight rW-nr^ Furthermore, in 
this manner, the initiation of the radial «*p"««^ of the tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 3 16 has been adequately 

20 filled with material 305, a phig 405, or other sfanflar device, w 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular regian316. In a preferred embodiment, a non-hardenable fluidic material 
306 ia then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tabular niember 210 vdH 

25 not c o nta i n s j gmff r mt amo u n t s cf cared inaterial 305. This reduces and amplifies 
the cost of the entire proceas. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurised, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 

30 process, the expandable mandrd 205 may be raised <rt 

the tubular member 210. In a preferred embedment, during the extrusion 
process, the mandrel 205 is raised at apprmdmatety the sanie rate m 
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member 210 is frqmTHH in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the ttrtraflicrn process H rmrw 11 ^ with the faihnbw member 21 0 positioned ahovg 
the bottom of the new weQbore section 130, keeping the mandrel 205 statio n ary, 
5 and allowing the tubular member 2 10 to extrude off of the mandrel 205 and fall 
down the jxew wellbore section 130 under the force of gravity. 

The plug 406 is preferably pieced into the flum passage 240 by introducing 
the phxg 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenabla fluidk 
10 sealing material 305 from the non hardenahle fluidk material 306. 

The plug 405 may comprise toy number of conventional commercially 
available devices from pft^ 

Cementer (MSO latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teethings of the present disdosure. In 
15 a preferred embodiment, the 

from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid passage 240 , a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 
20 to 4,000 gallona/mm. In this manner, the amount of hardenabla fluidic sealing 
material within the interior 310 of the tubular member 210 is mmimixed Ins 
preferred embodiment, after placement of the plug 406 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 3,000 gallons/mm in order to maximize the extrusion speedL 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210. the wall 
thickness of the tubular member 210, the ^rpe of lubrfcanfc, and the yield strength 
of the tubular member 210. In general; the thicker the wall t h i ckness the smaller 
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the inner diameter, and the ptittr the yield strength of the tubular member 210, 
then the greetertbe operating pressurareo^ 
210 off of the mandrel 205. 

For typical tubular membe«210, the extiua^ 
5 cff of the exjisndable mandrel wfflbegmw^ 
310 reachet, for example, approximately 600 to 9,000 psi. 

During the extrusion process, toe expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from aboutOto 6 ft/see. Inapreferredeinbodiinent, during tto 
10 process, the crpanrisnto mtndrel 205 ia raiaed out of the expanded portion of the 
tabular member 210 at rates ranging from about 0»21tfceem order to mmmiixe 
the time required for the expansion proc^ 
the expansioii process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 exp andab le mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferabh/ contact the interior surface 410 of the end 
portion270ofthecaaingll5toibTmimfh^ The contact 

pressure of the overlapping joint may range, for example, from approximately 50 
to20,000psL In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approximately 400 to 10,000 pai in order to provide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 

The overlappingjoint between the section 410 of the existing casing 1 15 and 
the «^n286 of the expanded tabula 
25 andfhnmcseaL Inapartiaila^ 

optimally provide ft Quidic and gaseous seal in the overlspping joint. 

InaprefezTedembodin^t, the operating 
har dmshlp fhiMtr nmtoiis l 306 is amtroDabfr ramped down whw. the «t«^«m» 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 m*^.tbasu<iden release of pres^ 

tubular member 210 off of the expandable mandrel 205 can be minimized Lie 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of theextruskraprooess beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or hi combination, a shock absorber is provided in the support 

member 260 in order to absorb the shock caused by the sudden rekase of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expendable mandrel 206 is 
removed from the wellbore 100. In a pr e fe rred embodiment, either before or after 
the removal of the expandable mandrel 206, the integrity of the fhndic seal of the 
16 overlapping joint between the upper portion 260 of the tabular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 3 05 within the expand eiri tubular member 
20 2 10 is then removed In a conventional manner such as, far example, circulating the 
uncured material oat of the interior of the expanded tubular member 210> The 
mandrel 205 is then pulled out of the wellbare section ISO and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 6, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional t^p™ 1 * 1 * using a conventional drill string 505. He resulting new 
section of casing 610 includes the erpev4™* tubular member 210 and an outer 
30 annular layer 615 of cured material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 incmdes one or more sealing members 605 and one or 
more pressure r el i ef h oles 610, In this maimer, tte overlapping jomt between^ 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 ia pressure -tight and the pressure on the interior sad exterior 
surfaces of the tubule 

In a preferred Embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210- In an alternative preferred embodiment* the sealing 

10 menibere605arebonded<rmol^ 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few foot of the tubular member 210. Ibe pressure relief 
holes reduce the operating pressures required to expaid the upper porira 
the tubular member 210. This reduction in required operating pressure in turn 

15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reductions 

entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a weUbore preferably includes an 
20 expandable mandrel or nig 70S, an eipandabie mandrel or pjg container 710. g 
tubular member 715,afloat shoe TSO^akwercsmaealTSS^uppercupseslTaO, 
afluid passage 7S5,afhrid passage 740 l asupportmen^ 
750, an overshot c onne ction 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 706 la further coupled to the expendable 
mandrel container 710. The eipandabie mandrel 705 ia preferably adapted to 
controDabfy expend in a radial direction. The «p«^fblft mandrel 705 may 
comprise any number of conventional comn*naa^ 

30 modified in accordance with the teadm^ga of the present disdk)eure. In a preferred 
embodiment, the expandab le mandrel 705 comprises a hydraulic expansion tool 
substantial^ M disclosed in US. Pat No. 6^48,095, the contents of which are 



-17- 



incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expendable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as. for example, OilfieH Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a pre f err e d embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 
10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
th icfrr**^ than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby fadhtatiiig its places 

In a preferred embodiment, once the expansion process begins, and the 
15 thicker, lower strength material of the tubular member 715 is ffxptmded, the 
outside diameter of the tubular member 7 16 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expanda ble 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 
25 In a pre fe rred embodiment, the tubular member 715 has a substantially 

annular croaB-section, In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. Theupper section 805 of the 
30 tubular merjtf>er 715 preferably is 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 



-18- 



preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred em bodim ent, the wall thickness of the npper section 805 of 
the tubular member 715 ia greater than thewaUthicknesaeeof the 
and lower section* 810 and 815 of the tubular member 715 ia order to optimally 
faoliatetheimtiat^ 
10 700 to be positioned in locations mt^ 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 716 may range, fin? example, from about LOS to 48 inches and 1/8 
to 2 inches, re spec tiv ely. In a p re fer re d embodiment, the outer diameter and wall 
thickness of the upper section 80S of the faibolar member 715 range from about 3,5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 716 may range, for example, fiom about 2^ to 50 inches and 1/16 
to 1.5 inches, respectively. In a p re ferred embodiment, the outer diameter and 
wall thirknmw of the intermediate section 810 of the tubular member 715 range 
20 from about 3.6 to 19 inchaaand 1/B to ^ toAea, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, formrnmpie > from about 2.5 to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer di a m e ter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section 81 6 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a eoM In 
30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 70 5 when it 
completes the extrusion of tubular member 716. In a pr e fe rred embodiment, the 
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length of the tubular member 7 15 is limited to mi nimiza tha possibility ofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20 ,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes tha fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835- In a particularly preferred embodime nt, the cross sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elemental for blocking the inlet passsge 830. The interior of the shoe 720 

10 preforabfr includes a bofo strength of the 

shoe 720. In a particularly pr e fer red embodiment, the body of solid material 840 
comprises aluminum. 

The shoe 720 may comprise any number of conventkmal commercially 
available shoes such as, tor example, Super Seal II Dorm-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified fax accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TO, modified in 
accordance with the teachings of the present disclosure* in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 716 and m 

removal of the shoe 720 by drilling it out after completion of the eztnision process. 

The lower cup seal 725 is coupled to and nupported by the support member 
745. The Lower cup seal 725 prevents foreign materials from entering the interior 
25 region of the tubular member 715 above the expandable mandrel 706. The tower 
cup seal 725 may coinprise any num 

seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SEP cup, available from 
30 Halliburton Energy Services in Dallas, TO in order to optimally provide a debris 
barrier and hold a body of lubricant 



-20- 



The upper cup ml 730 is coupled to and supported the support immiber 
760. The \mpcr cop teal 730 prevents foreign 

region of the tubular member 715, The upper cup aeal 730 may comprise any 
number of conventional commercially available cup seals such as, far examp le, TP 
6 cups or Selective Iqjectkm Packer (SIP) cup modified in accordance with the 
teachings ofthe present disclosure. In ft preferred embodiment, the upper cop seal 
730compriaeeaSff cupavaflab^ 
inoi^toopthnalfrprovto^ 

The fluid passage 735 permits fhiidic material! to be transported to and 
10 bra the interior region ctfto 

705. The fhiid passage 735 is flnididycci^ Thefluid 
passage 785 is preferably coupled to ami positioned withm the suppm^ 
760, the support member 7-45, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The flmVl passage TO 
is preferably positioned along a centeriine of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, d rilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gaDons/minute 
and 500 to 9,000 pal in order to provide suffirient operating pnosures to extrude 
20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wefflxne, fhiidic materials forced up the 
Quid passage 735 can be released mto the 

In a preferred emb odiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fhddfc^ coupled to the fluid passage 735. The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve la pressure activated in order to controflafafr minimis surge pressure The 
30 pressure release passage is preferably positioned 

centeriine of the apparatus 700. The praam* release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from About 0 to 600 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into anew section 
of a wellbare and to minimise surge pressures on the new wellbore section, 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned withm the shoe 72^ 

with the interior regkm of the tubular member 71S below the expandable mandrel 
706. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 630 of the fluid passage 740 

10 to thereby block farther passage In this manner, the interior 

regtan of the tubular member 715 below the expandable mandrel 705 can be 
optimally fhiidicfy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey m aterials such as cement* drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUotus/mimite and 0 to 9,000 psi in order 
to optimally fill an *r>rml«r region between the tubular member 715 and anew 

20 section of a wellbore with Acidic materials. In a preferred embodiment, the fluid 
passage 740 indudfti an inlet passage S30 having a geometry that can receive a 
dart and/br a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

seals 845 coupled to and suppor ted by the end portton 820 ofthe tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluid! dy sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals m^if^ in accordance with the teachings of the 
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present disclosure. In * p r ef erre d embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy craxlsble from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 716 and an 
5 existmgcasmg with opting 
716. 

Ihaprefaredembodiinent, &t •eals 845 are selected to provide a s ufficien t 
fractional force to support the expended tubular member 716 from the existing 
casing. In a preferred smbodimsn^ 
10 ranges from about 1,000 to 1,000,000 fof in order to optimally support the 
exp a nd ed tabular membar 715. 

The support member 7i5 is prefgrahhr conplnd to th* ^rpun 4aMe 
705 and the overshot connectiom 755. The support member 745 preferably 
comprises an annuls^ 

16 700intoanewsectmnoiawellbm 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the toarhfngH of the present disclosure. In a preferred 
emhodiTwn t f the support member 746 com pri ses conventional drill pipe available 

20 from various steel mills in the United States, 

In a preferred embodiment* a body of lubricant 750 is provided in the 
annular region above the expanrinMe mnnrtrel container 710 within the interior of 
the tubular member 715. Inthismainier.theextrueion 

off of the expandabls niandrel 705 is facilitated The tabricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Uibriplate, duorine based lubricants, oil based lubricants, or Climax 
1500 Anttnexe (3100). In a prefmed einbaiiment, the lubricant 750 comprises 
Climax 1500 Antisieze (3100) avaOsble from Halliburton Energy Serrices in 
Houston, TX in order to optimally provide lubrication to kciliate the extrusion 
30 process. 

The overshot connection 755 is cotmled to the support member 745 and the 
support member 760. Tbeororshot connection 765 prefenOilypermHstheiupport 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 756 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innentring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 prefer red embodiment, the overshot connection 75S comprise* a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support marnber 760 is preferabry coupled to the overshot connection 
756 and a surface support structure (not illustrated). The support member 780 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a wellbocc The support member 760 may 
comprise any number of conventional commercially available support members 
such as, far example, steel drill pfee, coiled tubing or other hig^ 
modified inaccordance with the teachings ofthe present disclosure. In a preferred 

15 embodiment, the support member 760 com^ 
bom steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
bucklingofthe tubular member 715. The stabilizer 765 may com 
of conventional commercially available stabilizers such as, for example , EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the te achingn 

25 ofthe present disclosure. In a preferred embodiment, tte 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a pref erred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weUbore, a coaple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in cader to ensure that no 
foareign materials are k)catedw 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with to 

In a preferred embodiment, the apparatus 700 is operated substantial^ as 
described above with reference to Pigs, 1-7 to form a new section of casing within 
awellbore. 
10 As illustrated ill FlgiS,^ 

the method 

and apparatus described herein 1b used to repair an exhtfngwelum caring 805 
by forming a tubular liner 810 toride of the existing weObara caring 805. In a 
prefeiied embodiment, an outer annular lining of cement is not provided in the 
repaired section. In tb« alternative preferred embodiment, any number of fluidk 

16 materials can be used to expand the tinralarhner 810 into intimate contact with 
the damaged section of the weDbare caring euch as, for exanmle, cement, epoxy, 
dag mix, or drilling rnnd. In the alternative preferred embcxliment, sealing 
members 815 are preferably provided at both ends <>f the tubular ntemberm order 
to optimally provide a flmdic seal In an alternative preferred embodiment, the 

20 tabular lii^ 810 is formed withtoabori 

as those used to bmisport hydrocarbons or water, with 
in an overlaid r e l ationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
desert barem is uaedtodb^lineaw in a 
preferred embodiment, an outer eniailarliiungcf cement tow^ 
the tubular liner 810 and the wellborn In the alternative preferred embodiment, 
any number of fhi id i r Materi als can be used to expand the tubular liner 810 into 

80 mtm^ate contact with the wellbore such as, for e^ 
or drilling Tmi *^ 
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Referring now to Figs. 9, 9m, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weHbore casing includes an extendible tubular 
member 902,a»upporinHanber9()4, m 

908. In a preferred embodiment, the design end conatmetionoftne mandrel 906 
6 and shoe908 permits ea^remo^oftbnaeelexM In this 

manner, the assembly 900 can be easily removed ftom a wellbore using a 

conventional drilling apparatus and eorrcapondimj drilling methods. 

The expendible tubular member 902 preferably inc lu d es an upper portion 

910, anmtermediate portion 912 and a lovrer portion 914. During operation of the 
10 apparatas 900, tbotubxilar member 9W^ 

906 by pressurizing an interior region 966 of the tubular member 902. The 

tubular member 902 preferabh/ baa m ro bat an ti e lb/ annular cro ss o c ction 
Inapartkadariy preferred enA<xiu^ 

ttC oupledtotbeuimeri>ortkm910ofti^ Darin* 
IB operatjonoftbs apparatus 900, the tubular meim^ 

of the mandrel 906 by m^wsuriring the interior region 966 of the tiibiilariM 

902. The tubular meinber915pTrfBr^ 

In a preferred embodiment, the well thickness of the tubular member 916 is 
greater than the wall thickness of tbe tubular member 902. 

20 The tabular member 915 may be fabricated ftom any number of 
conventional cominerdaUy available materials such as, for example, oilfield 
tubulars,km alloy steels, titamum or stamless steals, maprrfernxi embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
proride approximately the samemechaniealm 

25 Inapaxticnlarb' preferred embodiment,^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approxnnatefythssameyidd Thetubolar 
member 915 may comprise a phu^ of tuliul^ 

In a preferred embodiment, the upper end portton of the tabular in«nber 

30 915 includes one or more seahngmembera to 

gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the comb mad length of the tabular members 
902 and 9 15 are limited to minimize the possibility ofbuckhng. For typical tubular 
member material*, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tabular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate ^W^g contact with the 
mandrel 906* 

The tubular member 902 may be fabricated from any number of 

10 conventional oommerdaQy available audi as, for example, oflfiaM 

tubtilar^ km alloy ateel^ In a preferred embodiment, 

the tubular member 902 u fabricated from oDfieki tubulars in order to optimally 
provide appmTiTYiRt^^y th^ K»Tn^Tw>^ini^1 pwipor^oQ no +>^tttbttlnr member 915 
Inaparticularly preferred 

15 point ranging from about 40,000 to 185,000 pai in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

Th* wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member 902 may range, for example, from about lA6tolii 
inches. In a preferred embodiment, *h« thfr»irrwM« of the nflpfr, intfT T^ff 1 "^ 

20 and low er p o rti ons, 910,912 and 914 of tha tubular member 90^ range from a^ 
1/B to L2& fa cmier to optimalr/ provide — n *>»*rV?m t^flt rn» frtnmt thn tmnrf ai 
the tubular member 915. In a preferred embodiment, the wall t bV*™«gg of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outer diametCT of the 910, 912 

and 914 of the tubular member 902 may range, fox example, from about 1.05 to 48 
inches. In a preferred run hodiment, the outer diameter of the upper, intermediate, 
and tower portions, 910, 912 and 914 of the tubular member 902 range from ab^ 
SO 3 ft to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubular*. 
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The length of the tubular member 902 in preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and • body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 comntBraaDyavaDabte tabular mcmfc 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubuta Goods avauabteftro 
The tubularmember 915 nwy comprise any nm 

available tubular members modified in accordance with the teachings of the 

10 presentdiadosoie. In a preferred embodiment, the t^^ 

Oilfield Country Tubular Goods available from various VS. steel milk. 

The various dements of the tabular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
w elding or machined from one piece. In a pr e fe rred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end The various elements of the tubular inenu^ 915 may ta coupled using any 
number of conventional process such as, for example, threaded connections, 
w eMttag or machined from ana piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are counted using welding. The tubular 
member 915 may comprise aphuTun^ of tubular eta 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process each as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an mnerstring adapter 916, 
a uuid passage 918, an upper guide 920, and a During operation of 

the spparatus 900, the support lumber 904 prefers^ 

during movement of the apparatus 900 withm a weubore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars. low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in aider 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a mrface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to conv^ fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the flnld pass age 918 
is flukiidy coupled to the ft In a preferred cmbodiinent, the fluid 

10 passsge 9 IB is used to convey harrtwishl* flnirifr siting materials to and ftron the 
apparatus900. Inaparticul ar r yprsftgr^ 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure during positioning of the apparatus^ In a preferred 

emb o dimen t, the fluid passsge 91B is positioned along a longitudinal centeriine of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 

to permit the conveyance of hardeoabfe floidic materials at operating pressures 

ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 

904. The upper guide 920 preferably is ada 
20 within the tubular member 915. The upper guide 920 may campritm any 

of conventional guide members modified in accordance ***** **** ***** jng s of the 

present disclosure. In a preferred embodiment, the up^ 

izmerstringadapteramil^ 

to optimally guide thB apparatus 900 within the tubular member 915. 
25 The ompling 822 couples the sup The 
coupling 822 preferably ttmmr^ 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machin e d from one piece. In a p r e f erred embodiment, the various 
30 elements of the support member 904 are coupled using threaded cmnections. 
The mandrel 906 preferably mcludes a retainer 924, a nmber 
expansion cone 928, a lower cone retail 930, abodbrofement«2. a lower gu^ 



-29- 



934, an extension sleeve 936, a spacer 938, a hoaxing 940, a dealing aieeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a hibrlcatorak«ve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the luhrimtorixiandrel946 9 hibricatoral6^ 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 92$ to the 
lubricator sleeve 946. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
comme rcially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
Tp ■tfrri *) « fn tA th« int*rinr region 972 of the tubular member 902 below the 
rubber cup 926. Tie rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup* In a pr e f erred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a par ticular ly p re f erred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The hibricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine ba^ 

(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide tabrication to fa^te the e^ 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
ofcemimt 932, the lower gulfe 

the upper cone retainer 944. In a pre ferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded o£T of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cons 928 is prevented by the lower cone retainer 930. housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, end the upper cone 
retainer 944, 

The cacpanaion cone 928 preferably h*« a cnhn^H^fr nr\m\sr arm section 
5 Hie outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 indue. In a preferred embodiment, the wall 
thickness of the expansion co*e 928 ranges 

to optimally provide ade^ ^ 
10 maximum and minimum outaida diameters ****** mrjmnatM mnm Q9q m *y ran g e, 
for example, fromaboutlto47 inches. In ajnelerred embodiment, tbem^ 
and mininmm outside diameters of the expansion coma 928 range fan about 8,6 
to 19 in order to optimally provide expansion of generally avaflahle oilfirid tnhnl^y 
The expansion cone 928 may be fabricated from any number of conventional 
16 connnerriflUy available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel In a prefcned embodiment, theexpanaian cone WW Is fabricated 
from tool steel in order to optimally provide high strength and ato 
The surfra hardness of th*ou^ 

example, from about 60 Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
•bout 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a reaflient interior body in order to 
optimally provide abrasion resistance and fracture toughness, 
25 The lower cone retainer 930 is coupled to the expanaioneone 928 aik^ 
houaing940. In a preferred embodiment, axial movema^ 
928 is prevented by the lower cone retainer 930. Preferably, the tower cone 
retainer 930 has a substantially annular cross-section^ 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially reliable mat e rial s such as, for example, ceramic, «™i 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 



strength and ahrajion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about SO Rockwell C to 70 
Rockwell C. In a preferred embodiment* the surface hardness of the outer ain^to 
of the lower cone retainer 930 ranges from about 5 8 Rockwell C to 82 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

Inaprefen^embodiinen^ 

10 coxie 928 are formed as an hiieg^ 

of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 980 pre&rabry mates with the inner suAces of 
the tubular members 902 and 915. 

Th* bc4y of cement 932 is positioned within the interior ofthe mandrel 906. 

15 The body of cement 932 provides an iniier bearing etnicture for the mandrel 906. 
The body of cement 932 further may be easQy drilkd out using* conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum . cast iron or 
some othftr drillflhl* r^twHiff, crnnposfte, or *ggw>g*te material may be substituted 
for cement. The body of cement 932 preferably has a substantially a nnular crosa- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940 . 
26 Duriiig operatic© 

the mcromenttfthemandrd The lower 

guide 934 preferably has a substantially annular cross-aection. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimalry provide high yield strength. 
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The outer surfece of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 986 is coupled to the lower guide 934 art the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 935 preferably has a substantially unrmipr croes-fiectioii. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercial^ available materials such as, for example, oilfield 
tubulara, low alley steel or stateless stoeL In a prefer re d embodiment, the 
10 extension sleeve 936 is fabricated fl^ 

highyisld strength. Thecctersui^aftheealenskmd 

with the inner surface of the tabular member 902 to provide * sliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 

16 components and increase the strength of t he apparatus. 

Hie spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 962 and is adapted to mate with the extension 
tube 960 of the shoe 908. In thfe maimer, a plug eve^c 
surface through the fluid passages 918 and 962 into the fluid passage 962. 

20 Preferably, the spacer 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum ox cast 
iron. In a preferred embodiment, the spacer 938 Is fabricated from aluminum in 
order to optimaljy provide drillability . The end of the spacer 938 preferably mates 

25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 areformed as an integral oneidece element teonier 
to reduce the number of components and inczease the strength of the apparatus. 

The housing 940 is coupled to the lower guide 93%, extension sleeve 936, 
e xp ansi on cone 928, body of cement 932, and lower coos retainer 930. During 

30 operation of the apparatus 9<ty 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulara, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, exteiiHion sleeve 936 and housing 940 
are fanned as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 mdudea ooe or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

Hie sealing sleeve 942 is counted to the support member 904, the body of 
cement 932, the spacer 938, end the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. thji fng 042 ia preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a s ubs tan t ia l ly annular 
cross-section. 

The sealing sleeve 942 may be fabricated n^m any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the seeling sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer sur&ce of the sealing 
sleeve 942 includes on* or ™ *™ » pratmiaonB to facDiate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimixe the 
number of components. 

The upper cone retainer 944 is counted to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cane retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment the upper cone rut^in^ 044 
is fabricated from afaminum fa order to optima^ 
6 cone retainer 944. 

In a particular^ preferred embo^ 
croee-eectional shape designed to provide increaaed rigidity. In a partic ular ly 
preferred embodiment^ the upper cone retainer 944 has a crosa-eectional s ha pe 
that is substantially I^haped to provide increaaed rigidity and mmimbe the 
10 amount of material ttuft would hm to bo drilled out 
The fabrkator mandrel^ 
926, the upper cone retainer 944, the fabricator aleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and tb* tabular member 902. Preferably, the 
fabricator mandrel 946 has a substantially annular ^^w^tfrttcm- 

Tbe fabricator mandrel 946 may be fabricated from any number of 
conventional commercially available ™»fr»n>lft such as, for example, steel, 
afaminum or cast iron. In a pr e fai nmK^miimt tim inhrt^t^r ™*r**™i j ff 
20 fa b ric ated from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946, 

The lubricator aleeve 948 is coupled to the fabricator mandrel 946, the 
retainer 924, the rubber cup 928, theupper cone retainer 9M,tto^ 
948, and the guide 960. During operation of the apparatus 900, the fabricator 
25 aleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular croawection. 

Ilia fabricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for examp le, steel, 
aluminum or cast iron, In a preferred embodiment, the fabricator aleeve 948 is 
30 fabricated from afaminum in order to optimally provide driUabOity of the 
fabricator aleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a pref erred embodiment, seals 94 9a and 949b are provided between the lubricator 
6 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the ar^aratus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cxosimctkm. 

The guide 960 may he fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide driUability of the guide 950 . 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fiuidic 
materials. In a preferred embodiment, the fluid passagB 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid paaaage 952 is adapted to convey hardenable fiuidic materials at pressures 
20 and flow rate rariguig from abc^O 
to optimally preside pi eaeura 
the installation of the apparatus 900. 

The various elements of the mandrel 906 inay be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 frmn ftTtirm flflr rr^^t^g T " » prrfan^d wmhndiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing , 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower p ort i on 

914 of the tabular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lovro portion of the tubular 
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•hoe 908 to facilitate the extrusion and positioning of the tubular member 902. 
Preferably, the homing 954 hai a substantially annular cross-section 

The housing 954 may be fabricated from any number of conventional 
cammet ri alfr available materials auch as, for mmpl^ eteel or al uminum In a 
5 preferred embodiment, the hogging 954 is fabricated from aluminum in order to 
optimally provide drillabfliiy of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protniskina to (kcili&te the connection between th& body 
of cement 956 and the housing 954, 
10 Thaho4yofeamratfl«i««gpM and the sealing sleeve 

958. In a preferred ^hodfniept, the compoaitian of the body of cement 956 is 
selected to permit the body of content to be easfly drilled cnit using conventional 

d rilling ma^Vitrv m iitwi pnjQBaSBS 

Th& composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfllable 
material ***** as, far wampi^ abrwiiimm \rm twy guhstitpted ftrr the body 
of cement 956. 

The aealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
haxdenable flmriic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 9B4 *n order to frfrci the hardenable flnM*- m ptterial 
into an annular region external to the tubular member 902. In a preferred 
embodiment, rtiring operate 

25 includes an inlet geometry that permilaaconventionalphigordart974tobecome 
lodgedin the inlet of the sealing sleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fh^ 
member 902. 

In a preferred embodiment! the sealing sleeve 958 has a substantially 
30 annnlarcroea-section. The sealing sleeve 958 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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w fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a har d en a h le fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet Jets 964 in order to inject the hardenahle fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 9TO fiirthw 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the aealmg sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby ftuidk^y isolating the interior region 968 of the tubu^ In 
a pr e fen »d embodiment, one end of the eKt en si o^ tiibc 960 mates vrith one end of 
the spacer 938 in order to optimally fsjaliate the transfer of matei^ 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fab ricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drillability of the 

extension tube 960. 

The fluid passage 962 is coupled to the aealmg sleeve 958, the e xten si on 
tube 960, and one ox more outlet jeta 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenahle fluidic materi a ls . In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenahle fluidic materials at pressures and flow rate 
ranging from about 0 to 9 ,000 psi and 0 to 3,000 gallona/min in order to optimally 
provide fluids at operationally efficient rates. 

30 The outletjets 964 are coupled to the sealingsleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenahle fluidic material from the Quid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, tl*> shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the 
the housing 954 and the bodty of cement 956 hi ord» to simplify 
5 of the apparatus 900, 

Tte various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded <wi™wUy, b cement or 
machtned from one piece of material In a p referred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially ss 
descried above with reference to Figs. 1-8 to create a new sexton of casing in a 
wellboreor to repair a wellbore casing or pipeline. 

In particular, in order to ertend a weHbore into a subterranean formation, 
a drill staring is used in a well known manner to drill out material from the 
16 subterranean formation to form a new wction 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the weDbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hardenahle fluidic sealing hardenable fluidic sealing 
20 material is them inimpedfrcra a s^ The 
har dsnahte fluidic seeimg material then p as ses from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then psasesfttmtttie intern 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall rf 
wellbore. Cctttiimed romping c/tfo 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psf and 0 to 1,600 gallon nfrihi, respective^. Inapreferred embodiment, the 
hardenable fluidic s r s n n g n i ster ial is pumped into the annular region at pressures 



and flow rates that are designed far the specific wcllbore section in order to 
optimise the displacement of the hard enable fluidic sealing material while not 
creating high enough circulatmg pressures such that circulation might be lo st and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardrnahlr fluidic sealing material may comprise any number of 
conventional commercially available hard enable fluidic sealing materiala such as, 
' for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimal^ provide support to 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displace ment of the cement in the annular 
region. The optimum composition of the blended cemeutsU preferably detmi^ 
15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section ofthewellbore will be 
pn#^ with hardenable material. 
20 Once the annular regkm has been adequately filled with hardenable fluidic 

sealing a plug or dart 974, or other similar device, preferably is 

introduced into the fluid passage 962 thereby fluidicly Isolating the interior region 
966 of the tubular member 902 from the external aTimilflr region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 
25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by intxc^udng the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 
30 is minimised. 

Once the interior region 966 becomes sufficiently pressurised, the tubular 
members 902 and 916 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be axpandihle. During the extrusion process, the mandrel 906 
is raised out of the expanded portion* of the tubular members 902 and 915 using 
the support member 904 During this extras pr^ the shoe 908 is preferably 
substantially stationary. 
6 The phi* or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the flua passage 91B at a sur&ce location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices far plugging ■ fluid p»gaag» au d i as, 
for example, Multiple Stage Cementer (M9C) laiclwlown plug, Omega latch^down 
10 phigorthi^wiperlatdidown 

the present disclosure. In a preferred embodiment 

a MSG latch-down plug available from Halhlmrton Energy Service in n^u. TV 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidk material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gaHonalmin in order to oj^maDy extrude the tubular members 9^ 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reaches approximately 600 to 9,000 In a preferred 
embodimen t, the extrusion of the tubular manners 902 and 916 offof the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallontfmiirate. 

During the extrusion process, the mandrel 906 miry be raised out of the 

25 expanded portions of the tabular members 902 and 915 at rates ranging; for 
example, from about 0 to 6 ft/sec. Inapre&rred embodiment, 
process, the mandrel 906 is raised out of the emended portions of the tabular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide polling epeed fest enough to permit efficient operation and 

30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fhridic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surfaceofthe upper end portion 
916 will preferably contact the interior surface of the lower end portion of the 
*rH«tiTig casing to form an fluid tight overlapping joint . The contact pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a prefer red embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of weUbore casing 
ranges from approximately 400 to 10,000 psi in order to opthnaDyproride contact 

preggtFf ffr nwKt^mwnhflra mtiH praviH* nptimal iwarijmeg aurh that 

10 the tubular member 91^ and existing weDbo 
compressive loads. 

In a pr ef erre d embodiment, the operating pressure and fkiw rate of the non 
hardenable fhndk material will be controUably ramped down when the mandrel 
906 readies the upper end portion of the tubular member 916. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be tninimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 6 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operstingpressuTesnd/or flow 
rate of the hardenable fiuidic sealing material and/or the non hardenable fhiidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimize shock. 

25 Aheroatrvery,ormoH^ 

member 904 in order to absorb the shock csusedby the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process la completed, the 

theweDbore* In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fhiidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 end the lower portion of the existing 
casing iate^uaii^conventioiiel methods If the fhridic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing » satisfactory, then the uncured portion of any of the 
5 hardenable fluidic seeling material within the expanded tubular member 915 is 
then removed in a conventions! manner. Tlia hardenable fMMtr sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of waUbore is then allowed to cure. 

Preferably any r emainin g cured hardenable fhiklfc sealing material within 
10 the interior of the expanded tiilndar nienibera 902 and 91* u 

conventional maimer using a conventional drill string. The resulting new section 
of casing preferably includes Cimespaxin«dtalro]armemlien902Bnd915sjidan 
outer annular layer of cured hardenable fhridic sealing materiaL The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 90S using conventional drilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 torn the mterioroftheweUbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out ton mteruw sections of tlm apparataM 
20 the reniainmg sections. In a preferred embodiment, the interior elements of the 
apparatus 900 sre fabricated from materials such as, for example, cement and 
dnmmum, that permit a conventionale^ string to baeo^doved 
interior components. 

In particular, in a preferred imibodiment, the composition of the interior 
25 sections ofth* mandrel 906 and sh« 

cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946, the hmrkator sleeve 948, the guide 950. the how 
954, the body of cement 956, the sealing sleeve 968, and the extexiskm tube 980, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In tbisinariner, intheevent of a 
malfunction downhob, the apparatus 900 may be easily removed from the 
wellborn. 



43- 



Referring now to Figs. 10a, 10b, 10c, 10d, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a weUbore will now be described. As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 include a first casing 1004 and a second casing 1006. 
5 The first 1004 preferably includes a tubular liner 1008 and a cement 

annuhxs 1010. The second casing 1006 preferably includea a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expending a tubular member substantially as described above with 
reference to Figs. l*9c or below with reference to Figs. 11a- 1 If . 
10 In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more seating members 1016 for providing a fluidk seal 
between the tubular liners 1008 and 1012. 
15 Beferrmg to 10b, in order to create 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig HQS is coupled to and supported by the 
support member 1150. The expendable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The ex pa ndable mandrel 1105 may 
comprise any n umbe r of conventional commercially available expandable mandrels 
25 modified in accordance with the t^hingB of the present dosck)sure> In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified macw 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1 105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 



-44- 



fabricated from any number of materials finch as, for example, Oilfield Country 
T^ibular Goods, 18 chromium tubirigor plastic piping, fa a preferr e d embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods, 
The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approximate^ 0.75 to 

In a preferred prnhodrmpnt the inner and otiterd^ametmQftbft tuhtiW mATnW 
1110 range from about 3 to 15.6 inches and 3.5 to 16 Indies, regpectively in order 
to optimalfr provide coveray oilfield casing aiges. Thetubularmeznber 

1110 preferably comprises a solid member. 
10 In a preferred embodiment, tt» upper end portkm of the tabular memr^ 

1110 is slotted; perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it oompletas the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minimixe the possibility of buckling. For typical tubular member 11 10 materials, 
15 the length of the tubular member 1 1 10 is preferabry limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 U coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116indudea the fluid passage 1185. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SealHfioat shoe, Scp« 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an ahnninum down-jet gu^ 
plug with side ports radiating off 
25 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tabular member 1 100 to the 
overlap between the tubularmember 1100 and the casing 1012, cpt fansl frfluldicly 
isolate the interior of the tubular member 1100 after the latch dcwn plug has 
seated, and optimally permit drilling out of the aboe 1115 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidfc communication with the fluid passage 1135. In this manner, 
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thft shon 1115 tryaetB hardenable fluidic sealing material into the region otitmri* tA«» 
■hoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
include* one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In tbis maimer, the fluid passages 
5 1 140 can be sealed off by introducing a plug, dart and/o r baD sealing elements into 
the fluid passage 1180. 

The cupfiealll20 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. He cup seal 
10 1120 may comprise any number of conventional commercially available cup eeali 
mich flg, frf f^"tpKTP nip* fir Smlmrihm Ti^etkin Paekar (SR^i cnpa motiRmd in 
accordance with the tf*™g" of the present disclosure. In a pr e fer re d 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1180 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably pos it ioned along 
a centerhne of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,0CK)galkmJ5/minuteand0to9,000psiinorto 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flnidic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
pas sag es 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 



-46- 



expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
aecfkmal shape that permits a phig, or other shmlar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic ™*h»riftlf» jjj this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1106. ThbpennJtj the interior rqgira 
the expandable mandr el 1106 to be prewnrritfid 

The fluid passages 1140 areprefcrably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are prefershfr selected to convey materials 
10 snAo cement, drilling Trod or ey 

about 0 to 3,000 gallona/mhnrte and 0 to 9,000 pet in order to opBmalfr fill the 
annular region between the tubular member 1110 and the tub^ 
fluidic materials, lu a preferred embodiment, the fluid passages 1140 indnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a 
inlet passage coupled to the fluid passages 1 140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of tto 

to be fluidity isolated from the exterior cf the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1146 are farther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between t^ 

end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals audi as, for example, lead, rubber. Teflon or cpocry seals modified 
in accordance with the teachings of the present disclosure. In a pre fe rre d 
30 embodiment, the seals 1145 comprise seals molded from Btratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to op timally provide a 
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hydrauUcse^mthaoverlappiiigjom^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a iniffident frictkjnalfcrce to support the rrrpnTidrd tubular member 1 110 from the 

5 tubular liner 1008, In a lueter red embodirnRn t^ the frictkmal forc e p r o v ided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120, The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 intothe weDbore 1000. In s pr e fe rred emrx>diment, the support 
member 1150 farther includes one or more conventional centraHters (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. Tp this *r\*rmmrr j th» extrusion «f fchw taihulur member l no 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commeTciaJQy available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseixe (3100). 

20 In a preferred embodiment^ 

(3100) available from Climax Lubricants and Equipment Co. in Houston, IX in 
order to optimally provide fabrication for the extrusion process. 

Inapref erred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 ismmimiied. 
This the possibility of foreign material dogging the various flow 

passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly pr e f erred embodiment, the apparatus 1100 i ncl u des a 

80 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the weUbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZDriU Pec 
5 Dallas, TX. In an alternative embodiment, a high gel strength pill may be set 
below the tie-hackinplaceof the packer 1155. In another alternative embodiment, 
the packer 1156 may be omitted. 

In a preferred embodiment, before after poritkmm 
within the wellbore 1100, a couple of weflbore volumes are circulated in order to 
10 eniJuiT that no foreign material 1000 that might 

clog up the various flow passages and verves ofthe apparatus 1100 a^ to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

AsilhistratedmFig.lOc,a 

15 pumped flroan a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105, The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the ^^1^ region. 

Tfce material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 pad and 0 to 1,600 

25 galtonaArtm, respectively Inapreferred embodiment, the material 1160 is pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the p r operti es of the fluid being pumped. The optimum flow rates 
and pressures are preferably cal cu la te d using conventional empirical methods 

30 The hardenablefluidie sealing material 1160 may comprise^ 

conventional commercialry available hardenable fhzidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide im)persi^port for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimise 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 110, the 
10 annular region will be filled with material 1160. 

As illustrated in Fig. lOd; once the ammlarw<gkm has adequately filled 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluidicty isolating to 
region of the tubular member 1110 from the annular region external to the tubular 
16 member 1110. In a preferred embodiment, anonhaTdmaMefluidfcmaleriai 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embo diment, the one or more plugs 1165, or other similar device*, are introduced 
into the fluid passage 1140 with Hie introduction of the nan hardenable fluidic 
20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tabular member 1110 is extruded ofTof the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the progs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The progs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balla, plugs, rubber balk, or darts modified in accordance with the t each m gB 
of the present disclosure. 
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In a preferred embodiment* the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 hiving a common central 
inlet passage, the phigs U65 comprise a single latci down dart 

After placement of the plugs 1165 in the Quid passages 1140, the mm 
6 hardenable Guidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 pd and 40 to 3,000 galtonstain. 
In a preferred embodiment, after placemen* tfthe pings 1165 
1140, the non hardenable fiuidic material 1161 is preferably pumped into the 
10 interior region tfthe tabular member 

and flow rates ranging from approximate^ 1200 to 8500 psi and 40 to 1250 
galtona/mfamcttdertocotto 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
16 interior region of the talmlar member 1110 below them 

example, approximately 1200 to 6500 psi In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1 105 reaches approximate^ 1200 to 8500 psL 
20 Daring the extnisfam process, the 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, during the extrusion 
process the expandable mandre l 1105 is raised out of the expanded portion of the 
tubular member 1110 at n^rangh^ 
25 provide permit adjustment tfepera parameters, and optimal^ ensure that 
theextnisicttprccesswmbecra 

In a preferred anibc^iiDem^ 
1110 has an internal diameter lass than the outsMecUameter of the mandrel 1105. 
In this manner 9 when the nmndrel U06 expands the aectto 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weflbore casing 1011 Inaeartlcn laifr pi nto ™l Ww^^ t hi» nn\\ 
is effected by compressing the seals 1016 between the expended section 1160^ 
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the wellbore casing 1012. fa a preferred embodiment, the era 
joint between the expanded section 1180 of the tubular member 1110 and the 
ca sin g 1012 ranges from about 500 to 10,000 pei in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing caring 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the ^F^gR 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the waling members 1145 and 
15 provide optimal resistance to ensure that the joint win withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1 161 is controllaUy ramped down when the expandable mandrel 1106 
r eaches the tipper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expendable mandrel 1105 can be rnintmiirri In a 
pr e fe rre d embodiment, the operating pressure of the fluidic material 1161 is 
reduced ma substantially 

of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 

Alternatively, ox in combination, a shock absorber is provided in the support 
member 1150 in Older to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 11 10 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. 10f, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the weQbare 1000. Ia a preferred 
embodiment, either before or after the removal of the Expandable mandrel 1105, 
the integrity of the fluidic seal of the Joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular finer 1103 la tested 
using conventional methods. If the fmidie seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 ia satisfactory, then the uncured portion of the material 1 160 within the 
expanded tulmlar member lllOia thenxemoved in a conventional manner. The 
10 inaterial 1160 witluu the ai 1110 and 

the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. 10t pre&rabr/ any remaining cured material 1160 
within the interior of the expended tubular member 1110 is then removed in a 
conventional Tmmnffnmyi conventional drill string The resulting tie-back liner 
15 of casing 1170 includes the espanded tabular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10fc the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 (a then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
20 In a particularly preferred enibodiment , the apparatus 1 1 00 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; anembodhnent of an apparatus and method 
fcrhazigmga tubular liner off of an e 

As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wsllbore 1200 inctadea an existing caaed section 1210 havi ng 

a tubular casing 1215 and an TmtiUr outer layer of cement 1220. 

In order to extend the weDbore 12 00 into the aubtemneanfcCTationl205 f 

a drill string 1226 is used in a well known Tfumnpr to drill out material from the 

subterranean formation 1205 to form a new section 1230. 
30 As illustrated m Fig. lib, snappy 

in a subterranean formation Is then positioned in the new section 1230 of the 

wellbore 100. The apparatus 1900 prafiwAfr includes m expend able mfl^^ 1 frr 
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pig 1305, a tubular member 1310, a shoe 13 15, a fluid passage 1320, a fluid passage 
1830, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified In 
accordance with the teachings or the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in UA Pat No, 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expended in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
13 10 may be fabricated from any number of materials such as, for example. Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tuhmg/caatng or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG* The inner and outer diameters of the tabularmember 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a preferred embodiment, the mner and outer diameters the tub^ 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to nptimHyi™™^*"^*™** telcscopingeffectin the moat emnm«nly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 Includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1865. In a 
preferred emlKFiiTP^t, th* Wffill flir) r Ty*P' >T "* miter A\arntdptr eif the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1% inches and 3 16 to 
16 inches, respectively. In a preferred embodiment, the wall tbirknesB and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 8/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tubular number 1310 ia lees than or eq^ to ^ 
5 wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally frcfliatethemraation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1 855 of the tubular member 1310 
is slotted, p er forate d, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimi™ the 
possibility of buckling. For typical tubular member 1810 materials, the length of 
15 the tiibular member 1310 is preferahty 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. Tim shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
20 Super Seal U float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealmg sleeve for a latch-down pl^ 

the present disclosure. In a pr e fe rred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe witha sealing sleeve for alatcbniownptug available 
from Halliburton Energy Services in Dallas, IX, modified in accordance with the 

25 teachings of thapteasntdiectasu^ 

1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 

30 outlet porta in fluidic commi inirs tion with the fluid passsge 1330. In thiB manner, 
the shoe 1815 preferably injects hanlenablefluidte scaling material into the region 
outside the shoe 1315 and tubular member 1810. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidk sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1306. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305, The fluid passage 1320 is preferably positioned along 
a centeriineofthe apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressure* ranging from about 0 to 3,(W 

to optimally provide sufficient operating pressures to circulate fluids at 
16 operationally efficient rates. 

The fluid passage 1330 permits fluidic material* to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidk 
communication with the interior region 1370 of the tubular member 13 10 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cros*- 
sectional shape that permits a plug, or other similar device, to be r^ 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 
25 member 1310. Thisperaita the interior region 1370 ofthetulrolar member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally Ql the annular 
region between the tubular member m 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introduriiig a phzg, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1385 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passsge 1330. The fluid passage 1 335 is preferably 
positioned substantially along the centerime of the apparatus 1300. The fluid 
passage 1335 is preferably selected to ccnvqy materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaflonatoinute and 0 to 9,000 pei in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the weDbore 1200 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper end portion 1365 

15 of the tubular member 1310. The aeals 1340 are farther positioned on an outer 
surface ofthe upper end portion The seals 1340 

permit the overlapping joint between the lower end portion ofthe casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
■eels 1S4Q may comprise my number ffro wirtfoml commercially a M » ff» «i s 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teaching ofthe present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epaxy available from Halliburton 
Energy Services in Dallas, IX in order to opthnally provide a hydraulk seal in the 
annuhia ofthe overlapping joint while also ovatmg optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufQaent Actional force to support theexpended tubular member 1310 from the 
existing casing 1215* In a preferred embodiment, the fHctkmalfoice provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Dbf in order to optimally 

SO support the expanded tubular member 1310* 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and aeals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weHbore 1200. In a preferred 
embodiment, the support member 1345 further in dudes one or more conventional 
centrahiera (not illustrated) to help stabilize the tubular member 1310. 

5 f n a rrpfrmH tmlwyiiTP*™ + h » uppnrt member 1846 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this 
mimnw , the introdnctkm of foreign material into the apparatus 1300 ia miTiimirwri. 
TMe minimises the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the erpimfikm proceea. 

The wiper plug 1360 is coupled to the mandrel 1805 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes t fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugB such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper phig 13 50 comprises a 
Multiple Stage Cementer latch-down ping available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305* 

In a i*i tyfrr rril ffrVyK""™* ni» after portioning the apparatus 1300 

within the new section 1230 of the weCbore 1200, a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As flhintrated in Pig 1 1 e, a hflH^pM* M « ^Imgmaterial 1380 is than 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandr el 1305 The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 
tubular member 1310 and the interim* wafl^ 

1200. Continued pumping of the material 1380 causes tb^niaterial 1380 to ED up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for crumple, from about 0 to 5000 pai and 0 to 
1,500 gallons/mm, respectivery. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallona/min, respectively, in onler to optimally 

10 fill the annular region between the tubnhr member 1310 and the new section 1^ 
of the wellbore 12QO with the hjirriimahlft fluidic sealing material 1380. 

ThehardrnahlefhiidkBealh^ 
conventional commercially available hardeaaMe fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 harden able fluidic sealing material 1380 Mmpri^i blended cements designed 
specifically for the well gectjon hemg drills and «imii*hi*> ft wn H alliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the angular region 1390. The optimum blend 
of the cement is preferably determined using co nv e nti onal empirical m et hods. 

20 The annular region 1390 preferably is filled with the material 1380 in 

soiBdent quantities to ensure that, upon t*am expansion ****** tnKnb^ member 
1310, the annular region 1390 of the new section 1230 of the wem>ore 1200 wffl be 
filled with material 1380. 

As illustrated in Fig.l Id, once the annular legion 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the f luid p assage 1320, Tlie wiper dart 1895 is preferabfr 
fluid passage 1320 by anon haHmabkftaMfe material 1881. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. He, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wiper rJugl3M 

from the mandrel 1305, The wiper dart 1395 and wiperphig 1350 then preferably 
will lodge in the fluid passage 1330, thereby bbckingfhiMflo 



passage 1330, and Guldidy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the nan 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
ca using the interior region 1370 to pressurise. Once the interior region 1370 

6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandab le mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 kitrodudng the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
camventkmal commercially available de^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latch- down plugs 
or three wiper latdwkmn jdug/dart modified in accordance wto 

15 the present disclosure. In apreferred embodiment, the wiper dart 1395 comp ri ses 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the nan hanJenabie fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pal and 0 to 1£00 gaUonfl/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised. 

In a prrftrrrH embodiment, M«toiff the fluid passage 1330. the ncm 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures imd flow rates raiiging 

40 to 3,000 gallona/mm in order to optimally provide operating pressures to 
30 m.in^n the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expendable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmctkm of the tubular member diameter, wall 
thickness ofthe tubular member, geometry of the mandrel, tha type of lubricant, 
the competition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional em piri ca l methods, 

10 During the extrusion process, the expandable mandrel 1305 mi^ be raised 
out of the expanded portion of the tubular member 1310 at rates ranging; for 
exampfe,tromabout0to5ft/sec. in « prefei —nH^*™*^ during the extrusion 
process, the eipendaMe mandrel 1305 may be raiaed out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/aec in order to 

16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of tibe tubular member 1310 is extruded 
off of the expandable mandrel 1806, the outer surface of the upper end portion 

20 1355 of the tubular mimiberlSlOw 

lower end portion ofthe casing 1215 to form an fluid tight overlapping joint Hie 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL Tn a preferred ™W*mrTrt thf rontart prcninirtr 
ofthe overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally provide contact 

enough resistance to withstand typical tenaQe and compressive loads. In a 
particularly preferred embodiment, the seeling members 1340 will ensure an 
adequate fhxidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the nan 

30 hardenablefhiidicmaterial 1381m 

mandrel 1305 readies the upper end prion 1355 of the tubu^ 

In this manner, the sudden release of pressure cauaed by the cony late extrusion 
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of the tubular member 1310 off of the expandable mandrel 1306 can be xninhnizecL 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
6 feet oflheextruaion process. 

Alternatrvdj,ormconmm^ 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

A] tern atively, or in combination, a mandrel catching structure is provided 
10 m the upper end portion 1355 of the t 
least decelerate the mandrel 1305. 

Once the extrusion process is amipleted, the expandable ma 
removed from the weUbore 1200. In apreferredembodixnen^ 
the removal of the expandable mandrel 1305, the integrity of th e flu Mfc seal of the 
15 overlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fhiidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed to a wnventional manner. The material 1380 withm the annular 
region 1390 is then allowed to cure* 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be remove 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been daacrt>ed that ^ 

in the borehole. Abody of fluidic material is than injected into the borehole. The 
tubular liner if? then radially expanded by extruding the liner off of the mandreL 
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The injecting preferably includes injecting a hardenable fiuidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardwmhle flnirfir material into an interior region of the 
tubular liner below the mandrel The method preferably includes fluidity 
5 isolating the annular region from the interior region before injecting the second 
quantity of the non hardenable sealing material into the interior region. The 
injecting the hardenable fluidic Beefing material is preferably provided at 
operating pressures end flow rates ranging from about 0 to 6000 pm and 0 to 1^ 
gaDonatoin. The injecting of the non hardenable fhiidk material is preferably 

10 provided at operating pm e mir ee snd flow rates rangingfcom about S00 to 9000 pri 
and 40 to 3,000 gaflonsfaifa , Tha fatfecting of the non hardenable fiuidic material 
is preferably provided at reduced operating pressures and flow rate* during 
portion of the extruding. The non haidenable fluidic material is preferably 
injected below the mandrel Tb* method preferebfyindudespree^ 

15 of the tabular liner below the mandreL He region of the tubular liner below the 
mandrel is preferably pressurised to premuresrangingfrom about 500 to 9,000 pai. 
The method preferably includes fluidity isolating an interior region of the faihulf»r 
liner from an exterior region of the tubular liner. The method further preferably 
includes curing the hardenable sealing material, and re 

20 of the cured seaHngmnterial located within the tubular liner. The method Anther 
preferably includes ovMlapp 

The method farther preferably includes sealing the overtop betwaan ih« frrKn w 
liner and the existing weUbore casing. The method farther preferably includes 
supporting the extruded tabular liner 

25 casing. The method farther prefera^ 

the overlap between the tubular liner and the existing wellbore casing. The 
method farther preferably includes removing at least a portion of the hardenable 
fl uidic Bealingmaterial within the tubular liner before curing. The method further 
preferably includes lubricating the surfece of the mandrel The method farther 

30 preferably includes absorbing shock. The method ftirther preferably includes 
catching the mandrel upon the completion of the extruding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a 

5 The tubular member Is coupled to the mandrel The shoe is coupled to the tubular 
Hnar a nd tachidea ■ third fluid passage. The first, second and third fluid passages 
are opermbly coupled. The support member preferably further Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. lbs supped member preferan 

adapted to prevent foreign material from entering an inter^ 

member. The mandrel is preferably expandable. The tubular member is 

preferably fabricated 

Country Tubular Goods, 13 chromium steel tubing/raring, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40.000 to 135.000 pet The tabular 
ip amber preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressors relief holes at an end 

20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mand^ The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular mernber having an in^ 

the second tubular member, has been described that include* petitioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member; and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures raaging from about 
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600 to 9,000 ptL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between The method 

6 farther preferably 
the overlap with the second tubular member. The method further preferably 
inctades hibri<»tin^ The method further preferably 

include* absorbing shock. 

Ahnerfbruaeincreatinganewsecto 
10 formation adjacent to an already existing section of weHbore caaing has been 
described that includes en annular member. The annular meenber include one or 
more seeling members at an end portion of the annular number, and one or more 
pressure rsbef passages at an end portion of the annular member. 

A welfoore casing has been described that includee a tubular liner and an 
15 annular body of a cured flnidic waling material . The tubularlineris formed by the 
process of extrudmg the tubular liner off of a mandrel The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fhrJdfe sealing material is preferably formed by the 
20 process of iujecting a boxfr 

region external of the tubular hner. During theprteroriring, the interior portion 
of the tubular liner is preferably ftiididbr 

tubular liner. The interior portion of the tubular h^ is preferably prtssuri2ed 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overieps with an existing wellbare casing. The wellbore camngpreferably further 
irjch^aseal positioned in tn^ 

wellbore casing. Tubular liner is preferably sup ported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore caaing within a 
30 borehole has been described that tnrfnd- in^ii^g - ^frulnr ^ ^ a mandrel 
within the wellbore casing, injecting a body of e fhiidic materiel into the borehole, 
pressurizing a portion of an interior region of the tubular hner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel. In 

a preferrr 1 embodiment, the fl»tffr mAtgrial « selected from the group consisting 
of slag T"**j cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further inchidea Guididy isolating an interior region of the tabular liner 
5 from an exterior region of the tubular liner. In a p re fe rred embodiment, the 
injecting of the body of 

rates ranging from about 500 to 9,000 pa and 40 to 3,000 gallons/min. In a 
preferred ffp**ndnw*nt» th* injecting rf the body of fhndic material is provided at 
reduced opmtbg preeeures and flow 
10 In a prefcrrr* r mV*ttm«it the fluidie material is injected below the mandrel In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurised, In a preferred embodiment, the i^nofthe tubular Ihwbrtow the 
mandrel is preasurixed to pressures ranging from about 500 to 9,000 paL In a 
preferred embodiment, the method farther includes overkppingthe tubular liner 
15 with the eroting wellbore casing. Ini pi eferred embodiment, the method further 
inchidea sealing the Interface between the tubular liner and the existing wellbore 
caging In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method ft^ 
20 interface between the tubular liner and the existing wellbore casing. In a 
pr e f erred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodhnent, the method fur^ 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel ma radial dfrecto 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fhudk sealing 
material Tie tubular Bner is formed by the processofextrudmgthetub^ 
off of a mandrel The annular body of a cured fhiidk sealing materialise 
30 to the tubular liner. In a preferred embodiment , the tubular liner is formed by the 
process of plating the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizmg, them 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubu^ 

500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the process of injecting a body of hordenable fluidic 
sealmg material into an azmulaxrefi^ 

casing and 

the tubular liner. In a preferred embodiment, the tubular liner overlaps with 

another existing wellbore casing. In a preferred «nhnrif™^t f the tie-back Imer 

further includes a aeal positioned m Che owlap between to 
10 other mating weHbort casing. In a preferred ernbo&nent, tubular liner is 

supported by the overlap with the 

An apparatus for axpanding a tabular member baa been deaeribed that 

includes a support memb er, a mandrel, a tubular member, and a shoe. The 

support member includes a first fluid passage. The mandrel is coupled to the 
16 support member. The mandrel includes a second Quid passage operably coupled 

to the first fluid passage, an interiorportion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandr ei 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the aeoon^ 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a d rillab le body 
Preferably, the exterior portion of the mandrel *™ttprffrrp an expansion cone. 
Preferably, the e^anajon cone is 

consisting of tool steel, tita nium, an d ceramic. Preferably, th*> ea panaton rrem has 
a surface hardnesBrangmg from about Mto Preferably at least a 

portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a witfe range of rn^ 

in the foregoing disclosure. In some instances, aome features of the present 
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invention xxuy be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that tha upended claimi be construed broadly and 
in a manner consistent with the scope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 
2 formation, comprising: 



3 installing a tubular liner and am 

4 injecting finidic material into the borehole; 

5 pressurising a portion of an interior region of the tubular liner, and 

6 radially etpanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandre l 

1 2. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to to 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

5 overlapping the tubular liner with the already eiiatt^ 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new sectkm of the borehole; 

11 flaidicfr isolating the anr^ 

12 sectkm of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidk material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Ihw off of the «wp*»n*«M* mi^ i ; 

17 sealing the overlap between the tubular Hner and the already easting 

19 supporting the tubular liner with the overlap with the already existing 
SO casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the aeal of the overlap between the tubular liner and 

the already existing cuing; 
removing at least aportion of the ha 

theinierior of the tubular liner; 
curing the remaining portions of the fluidic hardeneble fluidic sealing 

material; and 
removii* at least aportion of to 

within the tabular liner. 

An apparatus for expanding a tubular member, comprising: 

a support member, the supporting 

a mandrel coupled to the support iDmnber,themandrdinclud 

a second fluid passage; 
a tub u lar member coupled to the mandrel; and 

a shoe coupled to the tubular liner, the shoe iwiuding a third fluid paasage; 
wherein the first, second and third fluid passages are opeTably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member m chid i a g : 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid 

a tubular member coupled to the manoW, the tubular member inc^ 
one or more 

sealing elements; 
a shoe coupled to the tubular member, (he shoe ™ 

a fourth fluid passage coupled to the third fluid parage, the fourth 

fluid pavage adapted to receive a stop member; and 
one or more exhaust passages coupled to the rourth fluid passage for 
injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IB interior region of the tubular me 

1 5. Amethodofjoiiiingaaecon^ 

2 first tubular member harmg an inn^ of 

3 the second tubular member, comprising 

4 positioning a mandrel within an interior region of the second tubular 

6 pretaurismgapoitioaoftte 

7 and 

6 extruding the second tubular membeT off of the mandrel into engagement 

9 with the first tubular member* 

1 6. A tubular liner, comprising: 

2 jm annular member, fch» annuity wwmW including; 

5 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or more pressure relief passagesatan end portion of the annular 

6 member. 

1 7. A weHbore casing, comprising: 

2 a tubular liner, the tubular liner fonned by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fhxidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an existing weHbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a m andr el; and 

4 an annular body of a cured flnidic sealing material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expandin g a tubular member, c omprising 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabbf coupled to the first fluid passage; 
6 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expendible tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage opersHy coupled to the secood fluid passage; 
U an interior portion; and 

IS an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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